(!2)t#ffifi**$?ilcS^iNT^P**ifc@[5aiBi 



(i9)*isttt«Bf^*aii 



a 




(43) 



✓a 



2004 ^11 M2SB (25.11.2004) 



PCT 



(10) 

WO 2004/101983 Al 



(51) @fSt#l*#g 7 : 



(21) 

(22) stsuoas: 

(25) mtem^nmrni 

(26) mj8'&m<D j a&: 

(30) fiffcJS^r— *: 
$#K|2003-134131 
t#K|2004-112485 



F02G 1/055 



PCT/JP20O47006151 



2004 ^4 E 28 B (28.04.2004) 



B* 



2003 ^5 R 13 B (13.05.2003) JP 

2004 $4^ 6 0 (06.04.2004) JP 



(7i) mm\(i¥:m&te<±x<Dfifem\z'Di*x)i *eaftw 

XSg^SSctt (HONDA MOTOR CO., LTD.) [JP/JP]; 



T 1078556 Km^^KmWUJ-TB 1 8 1 ^ Tokyo 
(JP). 

(72) fcctt/ 

(75) »^#/ttlS@A(*SICO^TCD^;: & IE 3? (MORI, 
Masayoshl) [JP/JP]; =f 3510193 ^SiafDiferti* A 1 T 
S 4f 1 ^ttse^a^fflftffiflfSSffrrt Saitama(JP). 

(74) ttIA: ilJl M , ^(EHARA, Nozomu et aL); T 
1010046 m^tBT ftEK»Ba^Br2TB 4f« % 
— 7% tf ;U XlIS*#fr^i$F5r Tokyo (JP). 

(8i) ii^BrSflcattiMRu % £T<&a3ga)@rt£B*< 

Riffi;: AE, AG, AL, AM, AT, AU, AZ, BA, BB, BG, BR, 
BW, BY, BZ, CA, CH, CN, CO, CR, CU, CZ, DE, DK, DM, 
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, HR, HU, 
ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR, LS, 



(54) Title: MULTI-STAGE STIRLING ENGINE 



(54)&E(D*fr: >*mM 



2 AO j A1 3 




(57) Abstract: A multi-stage Stirling engine (1) mounted on a car, wherein displacer pistons (6) and (7) and power pistons (8) and 



00 

On 



(9) are slidably fitted in series into two cylinders (4) and (5) of the engine, and heated fluid which is exhaust gas from the internal 
combustion engine mounted on the car flows in series through the cylinders (4) and (5) to heat helium gas as working fluid in the 
Stirling engine. These two cylinders (4) and (5) are disposed with the orientations thereof aligned with each other, and heaters (16) 
and (17), regenerative heat exchangers (16) and (17), and coolers (20) and (21) are disposed midway between these cylinders (4) and 
(5), whereby the flat and compact Stirling engine can be provided. 



M (57) mm-. g&*ici§«£*ifc£igx*-'j >?mm 1 ©aws^u 



WO 2004/101983 Al I lltll 1 1 1 II II llll J 1 1 1 III 1 1! 1 1 1 1 1 I llllll I lllilll III II I 111! I ill! 



LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ, NA, IT, LU, MC, NL, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, 

NI, NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, 

SG, SK, SL, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, TD, TG). 
UZ, VC, VN, YU, ZA, ZM, ZW. 

(84) *t£grs^(Dfci>®y. ±To«scDj£ja«aA<pr — @fSiss*s#* 

fil): ARIPO (BW, GH, GM, KE, LS, MW, MZ, NA, SD, 

SL, SZ, TZ, UG, ZM, ZW), =L — =y v7 (AM, AZ, BY, 2*^3 — K&tMfeCDBSBI^l^T I* , SM«fr**tS 

KG, KZ, MD, RU, TJ, TM), 3 — P V i\ (AT, BE, BG, QtPCTlHiv KB^SUcfSK^ftT l x £ ra— KtSSIS 

CH, CY, CZ, DE, DK, EE, ES, FI, FR, GB, GR, HU, IE, <Dtf4 VlsTsJ — h J £#EBo 



WO 2004/101983 



PCT/JP2004/006151 



93 * 

t£ ^ ^ W 

*DBM#:^^©^y ^ySrE^|^B^i-5 = ^>°^ bft#^* 

m * & « 

y v^MSr^SU-rsi:, H7A35iVNb0 7DH:^$-h/<5 i5t!Hfc«>4 

fciifc^y >-^§i5w2o(D^s A . s B as, dcM^Ms^^^bniMKH, s 

d>feft«? N -r>r x^v- f-tr^ f vDP-ett^ofeHfc^^^^w— vy 

©2oo$||ds x% DS B ^ iC^J^^$^»^H. 

f-^y y^DS©- ^OrtlH5^DS B # % ^17— >!Jy^PS(Dl|^PS 

A t^ji^tt-cfts v^i?-y >ymm, 

(4) HI 7D(^fj; 5 *BSfc^5p^j214^©^y % S 2 % S 3 



1 



WO 2004/101983 



PCT/JP2004/006151 



$&c& : £ti^tiW.mz-frm£fr. 4i^Uy^s, , s 2 x s 3 % s 4 <d*p$z 

S 2 . S 3 N S 4 <D^V — \f* h^PPj > PP 2> PP 3 . PP 4 tm&zfr 
7R^ft*MB§fc:2l@0/3 7£;***- y >?mM&ttm£ti1t(lfrM¥-l- 2 9 4 

o 

m m <o m & 

y>-^i:> KM OS' 9 ^©^tpofW^^Bl^i-Sfefete:, 



2 



WO 2004/101983 



PCT/JP2004/006151 



tms, ^w^^k m&ifttt&Mmmmfcvx, ^mmmt^ 



3 



WO 2004/101983 



PCT/JP2004/006151 



m 2 tein i o^Fsm^fcSo 

HI 3 telH 1 OjEMEI^feSo 

sir, m i K^ i um4 : %mmvx*mwfc&z > x?—v >-?wm<D— mmi&w 



4 



WO 2004/101983 



PCT/JP2004/006151 



^y *a (He 2 ) #*-e;fc5o 

ixy ^5lt ^l^m^40*3j:^2^^41OS^tR]^Tffe<^fP^lil& 

^UV^I^&#UT5HTfciafi£;ft, i4l^f<};5^ IS 1 >^4 *5J;t5 

K6 a. 7 a fci^l^P — fc 0 * 8*3 £"0^2^17 — f;* b y 9 ^Wl^K 

£bt^ ^ivy >-^4*3J;t5^2 v-y ^^5QT^®(-. \n<D-b^y^-7 
Y-fc/v-?— io, ll^^r^n— i©*A^t7 h3v^— 10 x 11 

^tim*^i/^7M2 > 13^H]^g^E^^:$^ llf^f^^U-t^ 
b^e^tr^ b^n y K6 a $5 &X$% 1 — tfx b^SOt";*. b^n yK8a 

— ?mm<Dt®ZmgWmi4$:frVX%J>>issr7 hl2fc5g^£;ft5 iHC Jg2 
*f 4 X^W— f-tT^ bV7rot°7 hyp y K7 a *5j;t^^2^r7 — tf^. 9 <D 



5 



WO 2004/101983 



PCT/JP2004/006151 



6 N 12^^^^^ 70f|iC(j:l 8 0° (D#LmmfcWife&tl~C\ ( ^Z> 

o 

SHi^y ^4*5J;tfg&2ixy ^y5<£>* RgMfegUT. fc&IBfc l a&&&S&40 
, J^^bT^So-rlBlJD!»»16, |& 1 J?£3&£ifeS&18, H 1 ?&*P»20"j6SB 

m 2 s^nR^m^i9, m2^*p^2i^@ai9:$tt, m 1 ^^#4005^ 1 mm&i6 

t^-e#5^y ^A^«ii3as^s*L % ^2^m^4i^2 

IiT-f^/V'-t^ hy6-e±TfcIl^P ^4rt^lwaHbS0 

1 ±«PVy i^^22*3j;r^ 1 T^P^y ^^23(C»g|bfeaga8&24 % 25 H 

fc^ 2 jbircv' y ^^26*5 itfSB 2 t*p^ y ^^27}*, r. 2 ±*fp ^ y 

^2643j:^2T$P^'y V^27t£B$^UfdgaiB&28, 29£, ffi2ADJKk«17^ 0 
2#£^&3gl9, i&2?Mfl*telfc'fc#LT3i»U -tb&>^l_btP^y 
^22, »1T«5/P >-^23. 3lffl5&24, 25fc»2±ffPVU V^26, 
->y ^^27. ^iI8§28. 29£{£«, -fctL-CT,! 0 0$KJBE@£G>iftBE^y 



6 



WO 2004/101983 



PCT/JP2004/006151 



)V )> 391? o T * 7 ^ *32<D±;fr £ £ #*BEfc— * £ 

*K i©^7i/^^31F*g^« % MIB^A^^^ M2, 13, %i$ttMftl4 % 15, |§S 
^302SJiXft>l£*vCV^ o 

rt-eti, m i inf^i6<^#^^a^t^ 2jq^i7<D^^^3iJ^t ^tK^ 

-yv»2 0^(7)« (S3^*3VNT) tf&otf2^^>-yy^ii 

^20, b 2 ?^«2i©fe^rfl!isisr?&»7kfi*BP38© ±ffito&*ti?ti&mttm u 
-cm 2 tt$i&2 1 <D&M*m?& \^mu £ tux v > 6 o 

zm^zti-b^wms Mx.&mmm. xm^is^ mmm^^. ^v—^=r 



7 



WO 2004/101983 



PCT/JP2004/006151 



W33^ lt i *i-<D^^^.i ; 34?rjf£H> ^ 1 timme^ttmmm 

%:Mfrm 1 ^*P^20 % ^2^-*P^21(D^fi!!^^MiiUT^l^*P^20, f 

^mufc^, 01^^20. m2ftMmi<D&wmfaib&m&mm8\mm£ti 

So 

-mi 8 0° (D^^^^oTV^fcfe, ^1^^— y ^^M2^3J;^2 
^^-y ^aiS 3 MSSV^T, 01_h§P^y ^^22, M2±§P:yy >-^26 
<D^£^1 TfP^y V^23, J^TS&v'y V^27<D#^'fb^J^UT > 

^m^l9*3J;tJ?mi^^20, ^2^^21^MiibTmi±$P^y l/¥m.Z2 
. 02-hlFP^y >-^26^^lT$P^y ^^23, ^ 2 TlfBS/ V 1 

x*mm> u m i -t£B v y >-^22 % m 2 _hfpix y ^y^^^as^-rs^-a* 

III. MHl_h§P^y V^22. ^lT§P^y ^^23i:^iig&24 N 25ft<£>^y p 

8 



WO 2004/101983 



PCT/JP2004/006151 



7- v (DftmK&ittbfoZo 

yj*JJ*b mt&m UTMOST UfcUMlCtf* f>m 2 M3§17«A Ltf2^ 

mi<DT^K ? 7 >- ? ^31 $ ft, CI tf> ^ V ^31 ^^:^m^30^@a 

16, I2«17, mi #^^^18, S2S^^m^l9, Il»20, 

02^^2i^j:^m^3O/&sij@^^^^^e)tL> vfrh, %im^ 



9 



WO 2004/101983 



PCT/JP2004/006151 



^®^30^*5^§3SS • i l J't4^i^V^>^^— ^30cT?%o-C N ^7^^^— *32 

d ^m^^— ^30 c OftJiSfclS^frfcMTe. ^mktr— *30 c <£»£<fr 
gBfcl^ 3S®^30 00^1130 a % 30b t— #:<^n — ;?30e ^SStt$tl/TV^5„ 



10 



WO 2004/101983 



PCT/JP2004/006151 



it m <d t& m 

©f^tt^^n^-rsfcfe^. zwefwfv is<?\z.m&vxmtfbti, imam 

Mill HI U T S o (D > y V ^ ^ M jg-f 5 *Dft&S§<D fljfflffi ic&tt $ frfc _h$ffi 

i vm<d&&x * - y y^ii„ 



ii 



WO 2004/101983 



PCT/JP2004/006151 



is:**-!; is?mMo 



12 



WO 2004/101983 



PCT/JP2004/006151 




1/7 



WO 2004/101983 



PCT/JP2004/006151 



Fig.2 



1 




16. 18. 20 



37 



17. 19. 21 35 



2/1 



WO 2004/101983 



PCT/JP2004/006151 




3/7 



WO 2004/101983 PCT/JP2004/006151 



Fig.4 




10 12 10 30a 30 30 b 11 13 



32 



4/7 



WO 2004/101983 



PCT/JP2004/006151 



Fig. 5 




32 



5/7 



WO 2004/101983 



PCT/JP2004/006151 



Fig. 6 



1 




f i s i/eooooooeoooc 

J / U\Z Z Z ZCZ ZZZ Z gg ' 

12 10 30a 30 V e X 3 id 



6/7 



WO 2004/101983 PCT/JP2004/006151 



Fig.7A Fig.7B 




7/7 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP2004/006151 



A CLASSIFICATION OF SUBJECT MATTER 
Int. CI 7 F02G1/055 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
Int. CI 7 F02G1/055 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Jitsuyo Shinan Koho 1922-1996 Toroku Jitsuyo Shinan Kbho 1994-2004 

Kbkai Jitsuyo Shinan Kbho 1971-2004 Jitsuyo Shinan Toroku Kbho 1996-2004 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



A 



JP 2000-146336 A (Sanyo Electric Co., Ltd.), 
26 May, 2000 (26.05.00), 
Full text 
(Family: none) 

JP 2000-27701 A (Aisin Seiki Co., Ltd.), 
25 January, 2000 (25.01.00), 
Full text 
(Family: none) 



1-8 



1-8 



□ 

Further documents are listed in the continuation of Box C. See patent family annex. 



Special categories of cited documents: 

document defining the general state of the art which is not considered 
to be of particular relevance 

earlier application or patent but published on or after the international 
filing date 

document which may throw doubts on priority c!aim(s) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

document referring to an oral disclosure, use, exhibition or other means 

document published prior to the international filing date but later than 
the priority date claimed 



"V later document published after the international filing date or priority 
date and not in conflict with the application but cited to understand 
the principle or theory underlying the invention 

'T document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

"Y" document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the art 

u &" document member of the same patent family 



Date of the actual completion of the international search 
01 June, 2004 (01.06.04) 


Date of mailing of the international search report 
15 June, 2004 (15.06.04) 


Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 


Authorized officer 
Telephone No. 



Form PCT/1SA/210 (second sheet) (January 2004) 



PCT/JP2004/0061 51 



Int.Cl 7 F02G1/055 



B. 



WSrtTofcft/MSaPH- (H^fF^IS (IPC) ) 



Int. CI 7 F02G1/055 



0 ^HHffi^f^# 19 2 2 

0 ^m^mmmmm^n 1971 

B 4«ft&8*r3fe&* 19 9 4 

S #S§t;f!i t Sr|g§^&f8 19 9 6 



1 9 96f 

2 0 04<¥ 
2 004f 
2 0 04^ 



A JP 2000-146336 A (H#®^^^#%h) 1-8 

2000. 05. 26, (77 5!i-iU 

A JP 2000-27701 A (T4 ^>mW,W^,^±) 1-8 

20 00. 0 1. 2 5, ^ (^T^y— *SU) 



±<Dxm.t<D x mm%\z.t-oxu mx'tbzm-s^tiz. 

r&j m— ^fvh7r ^ y— scut 



0 1. 06. 2004 




P#B#flfJT (ISA/JP) 
^#•€-1 0 0-89 1 5 

30Pg|5=Ftt EB BIHT B 4 # 3 * 


M** 03-3581-1101 ? 


3T 


3 0 19 


=311 3 3 5 5 



roj aufct^ra^ mm, mmm^R-r^xm 
rpj Hi^taiS0mt?v t^m^m^^m^b^^mm 



iSPCT/ISA/2 10 (2004^11) 



